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The cosmological constant problem represents an evident tension between our present 

, description of gravity and particle physics. Many solutions have been proposed, but ex- 
O . 

^SJ , perimental tests are always difficult or impossible to perform and present phcnomenological 

^ • investigations focus only on possible relations with the dark energy, that is with the accel- 

' crating expansion rate of the contemporary universe. Here I suggest that strange stars, if 

CO ' they exist, could represent an interesting laboratory to investigate this puzzle, since their 

(N : 

equilibrium configuration is partially determined by the QCD vacuum energy density. 



1. INTRODUCTION 



I According to General Relativity, spacetime geometry is determined by the matter energy- 

. momentum tensor, so that somehow we could measure the value of vacuum energy, i.e. the energy 

I of the ground state. On the other hand, neglecting General Relativity, only differences in energy 

Tjlj- ■ are relevant. Even if we are not able to compute vacuum energy with any confidence, particle 



I physics would suggest a huge value [1], in contrast with clear evidences, which require an almost 

flat spacetime around us. This is the well known cosmological constant problem [2] and represents 
^ I an evident tension between our present description of gravity and particle physics. The problem 

■ is made more mysterious by observational data, which show an accelerating expansion rate of the 



universe and favor a tiny but non-zero vacuum energy density 

In this paper I focus the attention on strange stars 0,0], where gravitational properties of QCD 
vacuum play an important role in the stellar equilibrium. Here hadrons have been converted into 
weakly interacting quarks and QCD vacuum energy density is different from the one in the confined 
phase. This makes strange stars an interesting laboratory to investigate the cosmological constant 
problem. If the true solution to this puzzle was the existence of some adjustment mechanism 
which compensates any effective cosmological constant in the Einstein field equation, it could also 
work inside the strange star, determining its equilibrium configuration: its effect could be roughly 
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as the effective source of the gravitational field was the matter energy-momentum tensor without 
bare cosmological constants. Of course, the situation for quark stars and for the whole universe is 
not exactly the same: the formers are objects of size of about 10 km while the latter has practically 
an infinite radius. However, we can expect that the compensating mechanism works inside the star, 
whereas finite size effects are important only in a thin layer on the star surface. If this is the case, 
depends on the features of the adjustment mechanism, whose construction is not the purpose of the 
present work. The true solution to the problem may also be the existence of some other unknown 
reason, whose final result is basically the same, that is the effective cancellation of any cosmological 
constant in the gravitational field equation. Here I assume just that some mechanism exists and 
acts in most of the stellar interior and I study observational signatures which could distinguish this 
possibility from the standard case. 

The content of the paper is as follows. In Section [21 I review particle physics estimates of the 
value of the cosmological constant. In Section [3l I discuss the special environment provided by 
strange stars and, in Sectional the possible role of adjustment mechanisms for the star equilibrium 
configuration. In Section [5] and Section [H there are the numerical results, respectively for the 
case without and with adjustment mechanism. In Section [71 I discuss the results and possible 
implications for future observations. In Section [8l there are summary and conclusion. Eqs. (jlSp . 
(fT9l) . (i20]l and (f2T|) are clarified in Appendix [3 A short review on present possibilities and future 
prospects of measurement of mass and radius of compact stars is reported in Appendix IbI 

2. EFFECTIVE COSMOLOGICAL CONSTANT FROM PARTICLE PHYSICS 

There exist apparently many sources capable of contributing to an effective cosmological con- 
stant Ag//, so that an accidental and almost exact cancellation of all these pieces appears quite 
improbable. 

First of all, the Einstein-Hilbert action with a bare cosmological constant term would represent 
the most general action (in four dimensions) of the gravitational sector satisfying "reasonable" 
requirements, leading to tensor field equation that contains up to second order derivatives of the 
metric. Of course, if A 7^ a matter free spacetime is not flat, but at present there are no theoretical 
reasons to believe that the latter must be Minkowskian. 

At the classical level, we could expect a non-null energy density of the ground state for every 
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field. For the sake of simplicity, let us consider a real scalar field (p with action 

1 



S = I d^x "v/^ 
Its energy-momentum tensor is 



L2 



g^''d^<pd,<P-Vicl)) . (1) 



V = d^^d.cl) - ^gf,u9^^d^cl)dx^ + V{^)g^, (2) 

and in the state with lowest energy (if it exists) the kinetic energy is zero and (p is sitting at the 
minimum of the potential, so that Eq. ([2]) becomes 

Tfj.u = V{(f)min)gtJ.u ■ (3) 

Hence, we could naively expect a vacuum energy density of about (100 GeV)^ in the context of the 
Standard Model of particle physics and a larger contribution, at the level of Mqjjj, ~ (10^^ GeV)^, 
if we believe in GUTs. Moreover, it is common belief that some phase transitions took place in the 
early universe. This is quite intriguing, because it means that the effective cosmological constant 
changed several times in the history of the universe and that today is nearly zero. For example, at 
the electroweak phase transition the difference in the vacuum energy density between the symmetric 
and the broken phase was about (100 GeV)^, while at the QCD phase transition about (100 MeV)^. 
The usual and unsatisfactory assumption is that the minima of potentials in particle physics are 
exactly zero: this is not difficult to realize, for example taking V{(l)) = X{(p'^ — (plmin)^ -^l- ©• 
addition to this, since present astrophysical and cosmological observations suggest an accelerated 
phase of the present expansion rate of the universe Q], the introduction of a very light (m < H) 
field, which is not yet at the minimum of its potential today, is often used to explain the data. 

At the quantum level, a huge cosmological constant could arise from the zero point energy 
density. In flat spacetime, the energy density of the vacuum state |0) for a bosonic field of mass 
nib and gb internal states is 

pI,, = (OlToolO) = 1^ ^k^ + ml edkr.-^M'. (4) 



Here M is the cut-off energy scale above which standard quantum field theory breaks down and 
is usually expected at the Planck scale, that is about 10^^ GeV. On the other hand, because of 
anti-commutation relations, the energy density of the vacuum state for a fermionic field of mass 
ruf and gj internal states is 

/•M 

pL = (0|Too|0) = ^k^ + mjk' dk^-^M\ (5) 
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As put forward for the first time by Zeldovich P], if each fermionic degree of freedom had a bosonic 
counterpart with the same mass, the total zero point energy density would be zero. It is worth of 
noting that the idea was suggested before the advent of supersymmetry and for completely different 
reasons. However, even if supersymmetry is realized in nature, it must be broken at least at the 
TeV scale and the related total energy density should be about (1 TeV)*^. 



3. QUARK MATTER 

An interesting contribution to the cosmological constant can be expected from the non-trivial 
structure of the QCD vacuum. In fact, even if the vacuum contains no hadrons, it is not completely 
empty: quantum fluctuation of quark and gluon fields have non-vanishing average density (vacuum 
condensates). Since the existence and the value of these condensates influence hadron properties 
(for example, the quark condensate sets the pion mass), we can deduce them from particle physics 
experiments (see e.g. Ref. sl). At a renormalization scale of 1 GeV, the value of the u and d 
quark condensates are 



(0|u7x|0)q=i GeV ~ (0|(i(i|0)Q=i GeV ~ "(240 MeV)3 . (6) 

Since the energy-momentum tensor of a fermionic field ip contains the term mip'ipg^y, from Eq. ([6]) 
we should expect an effective cosmological constant 

A ~ mg (0|gg|0) (100 MeV)^ . (7) 

Another contribution of the same order of magnitude should arise from the gluon condensate, 
whose estimate is 

-(0|G^.Gr|0)~(330 MeV)^ (8) 

At high temperature and/or high baryon number density, ordinary hadron matter is expected 
to transform into deconfined quarks (quark-gluon plasma). These conditions could be reached for 
short time in heavy ion collisions and, for much longer time and larger amount of matter, in the 
core of neutron stars. There exists also the possibility that strange quark matter, that is quark 
matter made of u, d and s quarks, could be absolutely stable [l^: since quarks are fermions, 
introducing a third flavor there are new low energy available states, reducing the total energy of 
the system (for an introduction, see e.g. ll| and references therein). If true, strange stars made 
of strange quark matter could exist and be the ground state of neutron stars. The peculiar feature 
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In this simple picture, the quark 



in the deconfined phase is that chiral symmetry is restored and the quark vacuum condensate, 
which represents the order parameter of chiral symmetry breaking, goes to zero: (0|g(7|0) — > 0. The 
gluon vacuum condensate also changes value and at the transition is probably about one half of 
the estimate of Eq. ([8]). Because of the different value of QCD vacuum energy density in the two 
phases, we can expect that large amounts of quark matter, so large that gravity is non-negligible, 
can give us informations about the cosmological constant problem. 

Quark matter inside strange stars can be described as a Fermi gas at zero temperature of 
massless quarks living in a space with energy density B 
matter energy-momentum tensor can be written as 

rp rriFcrmi gas _, rrivacuum /qN 

where y^^''™'S'^'' describes the Fermi gas and J'^acuum _ Bg^y. B \s a. constant representing the 
difference in energy density between the QCD vacua in the deconfined and confined phase. This 
is essentially the MIT bag model [3], even if the vacuum energy density B is not exactly the 
bag constant we can deduce from hadron spectroscopy: the common value S = 60 MeV fm~^ is 
probably not good for the description of quark matter and a higher value, for example B ~ 100 
MeV fm^'^ (as suggested by the computation of hadronic structure functions |l3|), appears more 
appropriate. The energy-momentum tensor of Eq. ([9]) can be written as the one of a perfect fluid 
with energy density p and pressure P given by 

p = An^'^ + B , (10) 
P = ±ri^/^-B. (11) 

Here n is the baryon number density and A a constant. For Nj massless flavors and to first order 
in the QCD coupling a^, the constant A is [l^ 



In the following I take Nf = 3 and Ug = 0.5, so that A = 6.87. 



4. ADJUSTMENT MECHANISM 



Since there exist many different sources capable of contributing to an effective cosmological 
constant and we have to expect that some of them changed during the history of the universe, 
one of the most promising solutions is represented by the so-called adjustment mechanisms (some 



examples can be found in P, Q])) because they do not require any fine-tuning and are not sensi- 
tive to the particular nature of the source. Moreover, these models can also explain the present 
accelerating expansion rate of the universe, since typically they are unable to erase completely a 
bare cosmological constant; it is also intriguing that the first model [6|] was proposed long before 
universe acceleration was discovered. 

The basic idea is that cosmological constant-like terms stimulate the formation of the condensate 
of some field, whose energy density compensates the energy density of the source: the final result 
is that gravity, just like all the other non-gravitational phenomena, becomes sensitive only to 
differences in energy. Here I do not want to consider a particular model, whose peculiar features 
are usually relevant only in the time interval between the appearance of a new effective cosmological 
constant, for example after the phase transition, and its compensation, when the equilibrium has 
been restored by the adjustment mechanism. In addition to this, I would like to include possible 
other mechanisms, whose final result is the same. For what follows, it is sufficient to assume that the 
presence in the matter energy- momentum tensor of the term Ag/jg^jy stimulates the appearance of a 
counterterm ~ —AeffQf^u on the right hand side of the Einstein field equation, so that cosmological 
constant-like terms do not play any role in spacetime geometry. Since the energy-momentum tensor 
of quark matter contains the term Bg^j^y, inside strange stars the adjustment mechanism should 
introduce a compensating term ~ —Bg^u, which cancels (or reduces considerably) the former. 
What happens on the star surface depends on the particular model; however, if the transition 
region is thin, it is not relevant for the star equilibrium. 

This very simple rearragement of Einstein field equation is usually a reasonable approximation 
after equilibrium restoration, that is long after the effective cosmological constant was compensated 
y, Q]. During the backreaction process, additional model-dependent and non-negligible terms of 
the compensating field have to appear in the Einstein equation. However, even if we do not 
know the exact adjustment mechanism, we can expect that the compensation process is very 
rapid and does not affect the stellar equilibrium "at later time". This statement is based on the 
following consideration. In the early universe, when the temperature dropped down to about 100 
MeV, which corresponds to an age of the universe of 10~^ s, quark-gluon plasma converted into 
hadrons and, since QCD vacuum energy changed, a new cosmological constant appeared. In models 
with adjustment mechanisms, the compensating field had to neutralize this cosmological constant 
in a very short time, because the Big Bang Nucleosynthesis is capable of explaining primordial 
abundances only with a standard expansion rate of the universe {isl : it means that 1 second 
after QCD transition, the compensation was essentially completed. As for the onset of the phase 
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transition, which is expected to be of first order inside strange stars, it depends only on QCD 
parameters. Non-standard physics can enter after this event, but in this case it can only favor the 
conversion from hadron to quark matter, because in the standard theory X'^^uum Qffgj.g resistance 
to the gravitational collapse (see next sections) , preventing a higher baryon density and the related 
more favorable condition for the transition to the deconfined phase. 



5. STANDARD PREDICTIONS 



Writing the Einstein field equations for a perfect fluid with spherical distribution, we get the 
Tolman-Oppenheimer-Volkoff equations [3] 

dP ^ GN[p{r) + P(r)][MG(r) + ATrr^Pjr)] 

dr r[r -2GNMG{r)] ' ^ ' 

A-Kr'^p{r) . (14) 



dr 

Here r is the radial coordinate, P[r) the pressure, p{r) the energy density and Mcir) the gravita- 
tional mass inside r. Even if some exact solutions of these equations are known, realistic equations 
of state require to be solved numerically. As for strange stars, in the standard theory (i.e. without 
adjustment mechanism) the energy-momentum tensor which appears on the right hand side of the 
Einstein equations is the one in ([9]) and the corresponding energy density and pressure are given 
in Eqs. ^ and ([U]). Thus, Eqs. ^ and ^ with the equation of state P = {p - 45)/3 can be 
solved numerically with initial conditions 

Pm = ^nf-B, (15) 
Mg(0) = , (16) 

where nc is the baryon number density at the center of the compact object and represents the 
only free parameter. The integration ends at the star surface, placed at r = R and defined by 

P{R) = ^n^l^{R)-B = {) . (17) 

The results are reported in Figure [1] for i? = 80 MeV fm^^ (blue dashed curves). For different 
values of the vacuum energy density B, the maximum mass and the corresponding equilibrium 
radius scale with B as (see Appendix [A|) 

/80MeVfm-3Ni/2 
M^ax = 1.63 Mq, (18) 



B 

^ /80 MeV fm-^N 1/2 
R{M^ax) = 9.15 ( j km . (19) 
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6. STRANGE STARS IN PRESENCE OF SOME COMPENSATING FIELD 

The presence of some compensating field introduces into the Einstein field equation a countert- 
erm which essentially cancels T™^"*^™. In this case, hydrostatic equilibrium is always given by Eqs. 
()13p and (jl4p . but now we have to set B to zero. On the other hand, B remains in Eq. (jl7p for 
the definition of the star radius, because non-gravitational physics is essentially unchanged: the 
compensating field interacts only gravitationally. In particular, a number of possible phenomena, 
such as color superconductivity. Cooper pair condensation an so on, are not directly affected by 
the presence of the adjustment mechanism; at most indirectly, because of the modification of the 
energy density profile. In other words, the pressure in Eq. (I17p is not the total gravitational pres- 
sure appearing in the Einstein equation and source of the gravitational field, but only the pressure 
produced by quark matter, and the condition (|17p basically means that there is a threshold baryon 
number density for the existence of the deconfined phase (in fact, it implies p{R) = ^B which, for 
typical values of i?, is somewhat more than the energy density in ordinary nuclear matter). The 
definition of star surface is a subtle point mostly because in our model independent picture we do 
not know exactly what happens at the boundary between different QCD vacua, but conserving the 
condition (I17p is certainly the most reasonable possibility. 

Moreover, I would like to remark that here we are considering the star equilibrium "at late 
time" . During the phase transition from hadron to quark matter and the subsequent backreaction, 
which takes back the effective cosmological constants to zero (or to a tiny value), the picture is 
more complicated and strongly model-dependent. In particular, we should know energy exchange 
processes between standard matter and the compensating field, the related response time and so 
on. 

The results for i? = 80 MeV fm~'^ are in Figured] (solid red curves). In the table below, there 
are maximum mass and related radius and star baryonic charge for other value of the vacuum 
energy density B. 
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nc R 



FIG. 1: Left panel: gravitational mass Mq in Solar mass unit as a function of the central baryon number 
density nc in fm^'^. Right paneh gravitational mass Mg in Solar mass unit as a function of the equilibrium 
radius R in km. Results for B ~ MeV fm^''; blue dashed curves for the standard case and red solid 
curves in presence of some compensating field. 



fi/(MeV fm-3) 


Mmax/MQ 




NBiMmax)/W^'' 


60 


1.33 


8.57 


1.66 


80 


1.15 


7.42 


1.34 


100 


1.03 


6.63 


1.13 


120 


0.94 


6.06 


0.99 


140 


0.87 


5.60 


0.88 


160 


0.81 


5.24 


0.80 



As in the standard case, Mmax and R{Mmax) scale with B as^ 

■80 MeV fm-3\ 1/2 



Mr, 



1.15 



B 



M, 



) 



,'80 MeV fm-3x 1/2 ^ 
7.42 ( ) km. 



(20) 
(21) 



7. DISCUSSION 

Cosmological constant-like terms in the matter energy-momentum tensor produce a sort of 
"anti-gravity" (if ^eff > 0), in the sense that they offer resistance to the gravitational collapse 
of the star: this is the same effect of a positive cosmological constant for the expansion of the 
universe. The term in Eq. p3p responsible for this effective gravitational repulsion is Mq + At^t^P, 

^ The B-dependence of Mmax and R{Mmax) could appear strange in this case, but the definition of the stellar 
surface (|17[) preserves the B scale law in the hydrostatic equations. For more details, see Appendix El 
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where the presence of vacuum energy introduces an extra contribution equal to — S/Svrr^i?. This 
imphes that the compensating mechanism makes strange star maximum mass Mmax decrease, that 
strange stars are more compact and, for a fixed gravitational mass, have a smaller radius R (Figure 
[H right panel). One can also easily see that the presence/absence of B in Eqs. (jl3p and (jl4p gives 
an order one effect on Mmax'- the repulsive vacuum energy density force to the gravitational mass 
ratio is (for more details see Ref. jl7i |) 

and, for r = 8 km, B = 100 MeV fm'^ and Mq = Mq, we get {3 = 0.4. 
Another important quantity is the star baryonic charge, given by 

Nb = r ^ 47rr2 dr . (23) 

For a fixed gravitational mass, Nb is slightly higher for the non-standard case, see Figure [2j This 
is obvious, because the compensating field erases the contribution from vacuum energy density to 
Mg (or equivalently it give a negative contribution to Mq), which in the standard case is 

Mg = / (^n^/3 + B) Airr'^ dr . (24) 
Jo 

Even if quite rough, the description of quark matter I have used is capable of showing the relevant 
differences between the two cases (some considerations on more realistic models are reported below). 
In particular, the most important feature is represented by the quite low maximum mass in presence 
of the compensating mechanism. A possible future observation of a quark star with mass of 1.4 
Mq could certainly disfavor the existence of mechanisms capable of erasing T^'^'^^'^-like terms in 
the Einstein field equation. On the other hand, if some compensating field exists and works inside 
strange stars, these very compact objects would be very rare, even for the most favorable QCD 
parameters: in fact, stellar evolution favors compact stars with a mass of about 1.4 Mq, whose 
baryon number is Nb ~ 1.7- 10^'': these are probably values too high for a strange star of Section[6] 
for any reasonable value of B. Since stars with mass larger than Mmax are unstable, we can expect 
that they have to collapse into black holes just after or during the transition from the confined to 
the deconfined phase. Finally, identification of strange stars with unexpected low masses would 
represent a sign of the compensation of the QCD vacuum energy density^. 



^ For a possible strange star candidate, see 0] and references therein. However, for this object no measurements 
of mass and radius are available at present. 
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As for possible modifications of this picture from more sophisticated descriptions of quark 
matter, we can easily see that they do not change significantly these conclusions. For example, 
here we have considered three massless fermions: even if it is a good approximation for u and d 
quarks, because they are much lighter than the Fermi energy, a non-zero nis, at the level of 100 
MeV, may be important. This is indeed true, but 7^ makes M^ax decrease (see e.g. Ref. jiol ) 
and the effects of the compensating mechanism more evident. A more subtle point is represented 
by effects of stellar rotation. Slow rotation [2^ makes M^ax increase, but no more than about 10 
- 20%, and this increment can be compensated (at least partially) by a non-zero strange quark 
mass. On the other hand, fast rotation is much more complicated to take into account, even with 
standard physics [21^. More study would be desirable, but radical changes cannot be expected. 

Then, we can also consider the possibility that strange matter is not absolutely stable. This 
happens for higher B and heavier m^: for example, for ~ MeV (150 MeV) strange quark 
matter is stable at zero pressure ii B < 100 MeV fm^'^ (80 MeV fm^^) (see e.g. Ref. 19l|). 
However, it is quite reasonable that quark matter can exist at higher densities, in the center of 
compact stars. In this case we talk of "hybrid stars" , stars with a core of quark matter and an outer 
part of hadron matter. Of course, if the quark matter core is large enough, the previous conclusions 
do not require any change. On the other hand, compensating mechanism effects become less and 
less important in the stellar equilibrium for a smaller and smaller quark matter core. What really 
happens in nature depends only on QCD physics and at present we can not make solid predictions. 
Additional ambiguity is introduced because we do not know the lifetime of the possible metastable 
state, that is how long time is needed for the transition from the confined to the deconfined state 
to take place (it may be practically instantaneous as well as be much longer than the age of the 
universe). However, all these uncertainties are due to our poor knowledge of QCD and do not 
depend directly on the compensating mechanism. Thanks to the efforts of many people in the 
topic, at both theoretical and experimental level, in a near future the standard picture could be 
much clearer. 

Finally, I would like to note that present considerations cannot be applied to single hadrons: 
according to the MIT bag model, hadrons are basically described as bubbles of quark matter and one 
may naively think of observing some effect of the compensating mechanism in their gravitational 
properties. However, this cannot happen, otherwise we should immediately reject this kind of 
solutions, because we should expect a number of phenomena, such as violations of the so-called 
Equivalence Principle [2^. For example, the Newton gravitational constant measured in Cavendish- 
like experiments should differ at the level of 25% (i.e. the contribution of QCD vacuum energy 
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Mg 

FIG. 2: Baryon number of the star Nb in 10^^ unit as a function of the gravitational mass AIq in Solar 
mass unit. Results for _B = 80 MeV fm^'^; blue dashed curves for the standard case and red sohd curves in 
presence of some compensating field. 

density in the inertial mass of hadrons in the MIT bag model) from the one we commonly use in 
cosmology in the radiation dominated universe, where the expansion is not determined by hadrons. 
But there are at least two reasons since this is not a problem. First, hadrons are objects much 
smaller than strange stars, so finite size effects can be very important and the compensating 
mechanism can be unable to work. Second, hadrons are non-perturbative objects and it is quite 
reasonable that their properties cannot be always deduced by a model where they are small bubbles 
with two or three free quarks and/or antiquarks inside. 

8. CONCLUSION 

Even if according to General Relativity spacetime geometry is sensitive to vacuum energy, 
particle physics estimates and observational evidences could suggest it is not true. This is the 
well known cosmological constant problem. Many solutions have been proposed, but at present 
no one appears satisfactory; a non-trivial difficulty towards the solution of the puzzle is certainly 
represented by the essential absence of observational or experimental tests (with the exclusion of 
present universe acceleration, which may or may not be related to the problem), which could give 
us informations and hints on the approach to follow. 

In this paper I have focused the attention on strange stars, where QCD vacuum energy density 
of the deconfined phase is expected to contribute in the determination of the star equilibrium. If 
strange stars were allowed by QCD, they would represent an extraordinary laboratory for funda- 
mental physics and, among other things, could answer interesting questions about the cosmological 
constant problem. 
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If cosmological constant-like terms had to be compensated by some unknown adjustment mech- 
anism (or if there exists some other reason so that gravity is insensitive to vacuum energy) , strange 
stars would have a quite low maximum mass and this would represent a clear signature to distin- 
guish this possibility from the one we can expect just combining General Relativity with particle 
physics. Strange stars, if they exist, can play an important role in the solution to the cosmological 
constant problem. 
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APPENDIX A: B SCALING 



In the standard case, with the equation of state P = {p — AB)/3, Eqs. ([T3]) and (fH|) can be 
written as the differential equation 

dp _ WttGn [p{r) - B] [3 p{x) dx + r^p{r) - 4r^B] ^^^^ 
dr 3 — SvrGArr p{x) dx 

with initial condition p(0) = pc and definition of star surface p{R) = 45. It is easy to see that 
this equation is invariant under the transformation 

B ^ B^ , 
p{r) p*{r^) = p{r) , 



B 



1/2 



r ^ r, = r j . (A2) 

Hence, the star radius R and the gravitational mass Mq = J Airx'^pdx scale as This explains 

Eqs. (fT8|) and (fT9|) . 

However, if we put i? = in Eq. ()Aip . the new hydrostatic equation with the same boundary 
conditions p(0) = pc and p{R) = ^B continues to be invariant under the transformation (|A2p . so 
that Mfnax and R{Mmax) are always proportional to B^^^^. This is exactly the results we find 
from numerical integration, see Eqs. ()20p and ()2ip . 
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APPENDIX B: MEASUREMENT OF MASS AND RADIUS 

Just like for ordinary neutron stars, a simultaneous measurement of mass and radius of an 
intermediate mass strange star would provide interesting informations and, in our case, could help 
to discriminate among the two picture and teach us something about the cosmological constant 
problem. However, the observational determination of the two quantities is not so easy for this 
kind of objects (neutron stars and possible strange stars). 

As for the mass, very accurate measurements, even with relative errors of about 0.1%, can be 
obtained if the compact star is a pulsar in a binary system (see e.g. Ref. [23]). Masses can also be 
determined if the compact star is in an X-ray binary and is accreting matter from a companion, 
but the accuracy is much lower, no better than 10%. 

On the other hand, radius measurements are much more difficult and confused. If we know the 
distance of the compact star and we measure its flux and luminosity on the Earth, we can deduce 
the radiation radius, defined as 

= -I 2GnMg (^^) 
^ R 

and, from observation of spectra lines, we would be able to determine both R and Mq separately. 
However, at present the exact identification of lines is quite problematic 2j]. Good measurements 



of Roo could be also available in a near future from compact stars in binaries in globular clusters, 
thanks to quiescent X-ray bursts, if the measurements of the distance to their globular clusters will 
be improved 2^. 

Other future possibilities of determination of mass and radius could involve neutrino flux from 
proto-compact stars (see and references therein) and gravitational wave observations j^]. 
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